The full folding optical potential for the elastic scattering of protons from ' 0 and Ca at 200
I. INTRODUCTION In this paper we will examine the accuracy of the optimal factorization approximation, compared with the full folding approach, for calculations of the observables of proton elastic scattering from ' 0 and Ca at 200- 
II. THE FIRST-ORDER OPTICAL POTENTIAL
According to the KMT multiple-scattering formalism, the first-order optical potential for proton-nucleus scattering, in momentum space, is given by the expression &k'a;Ito;(e)lka;&= "g f dp Jdp'&a;Ip'&&k'p'Ito;(e) 
If we neglect the momentum p of the struck nucleon, in Eq. (3), and take for k its on-shell value ko =(2mE/iri ) ', it follows that the required NN transition matrix should be evaluated at an energy e=E/2, corresponding to free NN scattering at half the beam energy in their center-of-mass frame. This is the approximation used in this paper.
III. THE FINITE NUCLEUS MODEL
In describing the target nucleus, we do not distinguish between protons and neutrons. We take the radial parts of the single-particle wave functions (p~a, ) to be of harmonic oscillator (HO) form, denoted R"& (p), normalized such that a a f p R" i (p)R, , (p)dp =5
The HO parameter a, see the Appendix for details, was obtained by fitting the calculated charge densities to the avai able electron-scattering data. ' The corresponding target matter densities were then deduced from this same length parameter.
IV. THE OPTIMAL FACTORIZATION APPROXIMATION
For a closed-shell target nucleus, the result of the sum over the occupied states, in Eq. (4) In this expression Pi is the Legendre polynomial and 8& is the angle between the vectors P+q/2 and P -q/2. The a matrix elements of the two-body transition matrix (R~to&(e)~%) are more conveniently expressed in terms of the momentum transfer q and the average of the relative momenta of the two nucleons 6=(%" +R)/2, that is to&(e, q, e)
Within this notation equation (7) can be rewritten as
where the dependence of 6 on P has been made explicit.
The density matrix p(P -q/2, P+q/2) is strongly peaked at P =0. Thus, assuming that the transition matrix to, is a slowly varying function of 6, it has been suggested that these matrix elements of the transition matrix should be fixed at to, [e,q, e(P =0)]. This leads to the so-called optimal factorization form for the first-order optical potential
where Q=(k+k'}/2 is the mean of the incoming and outgoing projectile momenta and n the unit normal to the scattering plane in the NA center-of-mass frame.
The nuclear matter density p(q) is normalized such that p(0) = 1. Explicitly, within the HO model,
The central and spin-orbit components of the interaction are given by and
Uof(k', k)= 
0.4
where 86 is the angle between the vectors k' -26 and k -26.
The spin-orbit component, after performing the azimuthal integration, is similarly given by the relation As is shown in Figs. 3 and 4 , the inclusion of the Coulomb interaction does not enhance the differences between the full folding (solid curves) and optimal factorization (dashed curves) calculations. We find however, that if the Coulomb interaction is included only crudely, significant changes can be introduced between the two calculations. We demonstrate this effect for the ' 0 system in Fig. 5 The corresponding spin-orbit integrals are io= N ioG(k, k', x)ij, (z), N"G(k, k', x)[(k k-'+x +y ')ij, (z) 
